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Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS, 
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Status 

1)13 Responsive to communication(s) filed on 23 January 2007 . 
2a)D This action is FINAL. 2b)g] This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 CD. 11, 453 O.G. 213. 
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4) |EI Claim(s) 1,3-9 and 11-20 is/are pending in the application. 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5) [3 Claim(s) 76-20 is/are allowed. 

6) IEl Claim(s) 1.3-9 and 11-20 is/are rejected. 

7) D Claim(s) is/are objected to. 

8) D Claim(s) are subject to restriction and/or election requirement. 
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10)D The drawing(s) filed on is/are: a)D accepted or b)D objected to by the Examiner. 
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DETAILED ACTION 

Acknowledgement of Amendment 

1. The amendment to the instant application was entered on 23 January 2007. 

Terminal Disclaimer 

2. The terminal disclaimer filed on 23 January 2007 disclaiming the terminal portion of any 
patent granted on this application, which would extend beyond the expiration date of U.S. 

7,1 15,013 has been reviewed and is accepted. The terminal disclaimer has been recorded. 

Claim Rejections - 35 USC §103 

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

4. Claims 1, 4-9 and 11-15 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Nakamoto (U.S. 6,097,138) in view of Dai et al. (U.S. 6,232,706 Bl). 

5. As to claim 1, Nakamoto discloses a carbon nano tube-based field emission device 
(column 2, lines 24-29) comprising: a cathode electrode (see Fig. 6C, item 46; column 9, lines 

21-25); and a carbon nanotube array of nanotube members (see Fig. 6C, item 26; column 9, lines 

« 

27-29), the carbon nanotube array of the nanotube members extending from a root end to a 
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growth end (see Figs. 6A-6C; column 9, lines 6-20), the carbon nanotube array being aligned 
perpendicularly from the cathode electrode (see Fig. 6C, item 26) and having a growth end 
embedded in the cathode electrode and an opposite root end (see Figs. 6A-6C; column 9, lines 5- 
20); wherein the growth end of the carbon nanotube array is in electrical contact with the cathode 
electrode (see Fig. 6C, items 26 and 46; column 9, lines 21-29), and the root end defines a 
substantially planar surface (see Fig. 6C, item 26; the carbon nanotubes are grown on the first 
electrode, item 42, in figure 6A and then moved onto a substrate, item 44, in figure 6B, then the 
first electrode, item 42, is removed, this is the same method as disclosed in the instant 
specification, see paragraphs 0023-0025). Nakamoto is silent in regards to the root end has a 
specific flatness of less than one micron across the nanotube array. 

In the same field of endeavor, Dai et-al. disclose a field emission device with a variation 
flatness of the planar surface less than 1 micron (column 3, lines 19-32; column 4, lines 11-15; 
here it says that the nanotubes can have a flat surface, which the examiner interprets to mean 
completely flat and therefore a variation less than 1 micron). Having uniformly flat nanotubes 
allows for desirable emission of electrons. 

Therefore, it would have been obvious to one having ordinary skill in the art, at the time 
the invention was made, to modify the field emission device of Nakamoto to include nanotubes 
with a variation in flatness of the planar surface is less than 1 micron, as taught by Dai et al., for 
the desirable emission of electrons. 

6. As to claim 9, Nakamoto discloses a carbon nanotube-based field emission device 
(column 2, lines 24-29) comprising: a cathode electrode (see Fig. 6C, item 46; column 9, lines 
21-25); and a carbon nanotube array of nanotube members (see Fig. 6C, item 26; column 9, lines 
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27-29), the carbon nanotube array of the nanotube members extending from a root end to a 
growth end (see Figs. 6A-6C; column 9, lines 6-20), the carbon nanotube array being aligned 
perpendicularly from the cathode electrode (see Fig. 6C, item 26) and having a growth end 
embedded in the cathode electrode and an opposite root end (see Figs. 6A-6C; column 9, lines 5- 
20); wherein the growth end of the carbon nanotube array is in electrical contact with the cathode 
electrode (see Fig. 6C, items 26 and 46; column 9, lines 21-29), and the root end defines a 
substantially planar surface (see Fig. 6C, item 26; the carbon nanotubes are grown on the first 
electrode, item 42, in figure 6A and then moved onto a substrate, item 44, in figure 6B, then the 
first electrode, item 42, is removed, this is the same method as disclosed in the instant 
specification, see paragraphs 0023-0025). Nakamoto is silent in regards to the root end has a 
specific flatness of less than one micron across the nanotube array. 

In the same field of endeavor, Dai et al. disclose a field emission device with a variation 
flatness of the planar surface less than 1 micron (column 3, lines 19-32; column 4, lines 11-15; 
here it says that the nanotubes can have a flat surface, which the examiner interprets to mean 
completely flat and therefore a variation less than 1 micron). Having uniformly flat nanotubes 
allows for desirable emission of electrons. 

Therefore, it would have been obvious to one having ordinary skill in the art, at the time 
the invention was made, to modify the field emission device of Nakamoto to include nanotubes 
with a variation in flatness of the planar surface is less than 1 micron, as taught by Dai et al., for 
the desirable emission of electrons. 

7. As to claims 4 and 1 1, Nakamoto and Dai et al. disclose the field emission device as 
described in claims 1 and 9. Nakamoto further disclose that the carbon nanotube array comprises 
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a plurality of carbon nanotubes, each of which has an open tip (carbon nanotubes by definition 
are hollow carbon structures). 

8. As to claims 5, 6, 12, and 13, Nakamoto and Dai et al. disclose the field emission device 
as described in claims 1 and 9. Nakamoto further discloses that the height of the carbon 
nanotube array is in the range from 5 microns to 10 mm, more specifically between 10 to 500 
microns (column 5, lines 1-13, using the diameter and the aspect ratio the claimed range can be 
calculated. 

9. As to claim 7, Nakamoto and Dai et al. disclose the field emission device as described in 
claim 1. Nakamoto further disclose an insulative barrier (see Fig. 8C, item 52; column 11, lines 
5-9) having a height just exceeding the planar surface of the root end is formed adjacent the 
carbon nanotube array and at least a gate electrode (see Fig.8C, item 54; column 1 1, lines 5-9) is 
formed on the barrier such that the gate electrode is separated from the cathode electrode (see 
Fig. 9C, items 28 and 54; column 5-20). 

1 0. As to claim 8, Nakamoto and Dai et al. disclose the field emission device as described in 
claim 7. Nakamoto further disclose that the root end of the carbon nanotube array almost 
reaches the interface between the barrier and the gate electrode (see Fig. 8C, item 15; column 10, 
lines 49-56; since almost is a not any definite amount, the examiner interprets the height of the 
carbon nanotubes in the figure to be about the same height as the insulating barrier ribs). 

11. As to claim 14, Nakamoto and Dai et al. disclose the field emission device as described in 
claim 9. Nakamoto further disclose at least a gate electrode is formed adjacent the carbon 
nanotube array at a height above the planar surface of the root end (see Fig. 8C, item 54). 
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12. As to claim 15, Nakamoto and Dai et al. disclose the field emission device as described in 
claim 14. Nakamoto further disclose the gate electrode is supported by an insulative barrier 
formed adjacent the carbon nanotube array (see Fig. 8C, item 52; column 1 1, lines 5-9), such that 
the gate electrode is separated from the cathode electrode (see Fig. 8C, item 28; column 11, lines 
5-9). 



13. Claim 3 is rejected under 35 U.S.C. 103(a) as being unpatentable over Nakamoto (U.S. 
6,097,138) in view of Dai et al. (U.S. 6,232,706 Bl) and in further view of Han et al. (U.S. 
6,097,138). 

14. As to claim 3, Nakamoto and Dai et al. disclose the field emission device as described in 
claim 1. Nakamoto and Dai et al. fail to specifically disclose that the cathode electrode is made 
of copper. 

In the same field of endeavor, Han et al. discloses a field emission display, which has a 
cathode electrode, made of copper (column 4, lines 60-62). Copper makes ideal cathodes due to 
its conductive properties. 

Therefore, it would have been obvious to one having ordinary skill in the art, at the time 
the invention was made, to modify the field emission device of Nakamoto to include a copper 
cathode, as taught by Han et al., to take advantage of copper's ideal conductive properties. 



Response to Arguments 
15. Applicant's arguments, see Remarks, filed 23 January 2007, with respect to the 
rejection(s) of claim(s) 1, 4, 7-9, 1 1, 14 and 15 under 35 U.S.C. 103(a) have been fully 
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considered and are persuasive. Therefore, the rejection has been withdrawn. However, upon 
further consideration, a new ground(s) of rejection is made in view of Nakamoto (U.S. 
6,097,138). 

r 

Allowable Subject Matter 

16. Claims 16-20 are allowed. 

The following is an examiner's statement of reasons for allowance: 

1 7. As to claim 16, the prior art of record fails to teach or reasonably suggest a method of 
making a carbon nanotube-based field emission device including all the limitations of claim 16, 
specifically growing a carbon nanotube array on the catalyst layer wherein carbon nanotubes in 
the array extend from the catalyst layer with flat roots and define different heights with tips, 
applying a cathode electrode to the tips of the carbon nanotubes, and separating the carbon 
nanotubes from the catalyst layer and exposing the flat roots so that the flat roots of the carbon 
nanotubes are configured for acting as electron emission ends of the carbon nanotube-based field 
emission device. 

18. Claims 17-20 are allowed for the reasons given for claim 16, and for depending from 
claim 16. 

Any comments considered necessary by applicant must be submitted no later than the 
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue 
fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for 
Allowance." 
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Contact Information 

1 9. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Anthony J. Canning whose telephone number is (571)-272-2486. 
The examiner can normally be reached on M-F 8:00-4:30. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nimesh D. Patel can be reached on (571)-272-2457. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 



Anthony Canning 

2 April 2007 ^<JvsWv*^ 

KARAB1 QUHARAY 
PRIMARY EXAMINER 



